In hydrogeology it is of great interest to examine the temporal and spatial evolution of aquifers. There are different ways of modeling an aquifer: physical models, models based on analog and mathematical techniques. Usually, mathematical techniques involve complex operations difficult to understand for some people, such as differential or partial equations. In contrast, our method requires only a basic knowledge of geometry and trigonometry. Moreover, it is only necessary to know the static level of the aquifer at three different dates. Of course, the results may be limited compared to those that use advanced mathematical methods; however, our method provides a first approximation to determine the behavior of the aquifer through time. Overall, our results allowed us to follow the evolution of the aquifer in detail of various areas of increased extraction and in which removal has been increasing, but also of areas with a considerable recharge during the study period.
Introduction
The amount of water available in the world is approximately 1.386 million cubic kilometers (km 3 ), of which only 2.5% is fresh water. Most of the freshwater (68.7%) is concentrated as ice in glaciers and mountain regions, 29.9% is stored in aquifers, and only 0.26% is found in lakes, reservoirs and rivers [1] . Looking at the amount of fresh water available in terms of global runoff, it is important to consider that the amount of water stored in all the world's rivers is 2000 km 3 , much less than the annual extraction of 3800 km 3 [2] . In the last decades, it has been acknowledged that there is a global crisis in terms of the quantity and quality of freshwater. In general terms, population and economic growth have been the major factors leading to this situation. The global report, World Water Vision: Making Water Everybody's Business, estimates that 20% of the world population has no access to potable water and 50% has no access to adequate sanitation [3] .
According to Shiklomanov (1998) , around 10,000,000 km 3 of fresh water are stored in aquifers. Groundwater is used by about two billion people worldwide, with an annual extraction of between 600 and 700 km 3 , which is approximately 20% of all the fresh water consumed worldwide [1] [4] . Among the various economic activities, agriculture is the largest consumer of water worldwide (70%), followed by industry (20%) and households (10%) [4] . In global terms, surface water is by far the most important source of supply. However, this panorama is different in many areas of the world, as groundwater is substituting surface water as the primary and preferred source of water; in South Asia, for example, groundwater supplies approximately 50% of the irrigation water [5] . It is also recognized that groundwater has become the main source of water resources for urban centers throughout the world [6] [7] .
In Mexico in 2010, about 37% of the total volume of water licensed for consumptive uses, that is, uses that consume water in the activity itself, comes from groundwater [8] . The main use of grouped water in Mexico is agricultural, which includes agriculture, aquaculture, livestock, and other activities; the licensed volume is about 61,800 million cubic meters per year (m 3 •year −1 ), of which 33.8% is extracted from groundwater [9] . On the other hand, of the 11,400 million m 3 •year −1 licensed nationwide for urban public and domestic uses, 62.2% comes from groundwater [9] .
According to the National Water Commission (CONAGUA), of the 653 aquifers in Mexico, 32 were overexploited in 1975, that is to say, more water was being extracted from those 32 aquifers than it was recharged [9] . In 1985, there were 80 overexploited aquifers, while by December 31, 2009, 100 aquifers were being overexploited; 50.6% of all groundwater used nationally was extracted from those aquifers. It is a disturbing fact that more than half of the groundwater used in Mexico comes from overexploited aquifers, but even more alarming is that, according to the National Water Commission [9] , the agricultural use of grouped groundwater has increased 23.2% from 2001 to 2009, and urban public and domestic use of groundwater has increased 30.3% in the same period.
In addition, the overexploitation of aquifers causes several environmental impacts, such as the phenomenon of soil salinity and the presence of brackish groundwater. According to CONAGUA (2011), by of the end 201031 aquifers had been identified in which there was presence of saline soils and brackish water, mainly located in the Baja California peninsula and the Mexican highlands. In addition, 18 coastal aquifers across the country presented saltwater intrusion.
Most of the overexploited aquifers or with saline intrusion are located in northern and central Mexico [9] . This situation can be explained by the differences in the spatial distribution of surface water and the country's population, as described below.
Mexico, located between 32˚ and 14˚ degrees north latitude and 118 and 86˚ west longitude, is a country with very heterogeneous conditions of temperature and pluvial precipitation. Mexico has a continental surface of 1,959,248 square kilometers (km 2 ), with a predominantly arid or semi-arid climate in the north and center, and sub-humid and humid in the south and southeast. Thus, while in the north, on the border with the United States of America, annual precipitation is below 500 millimeters (mm), in the south-southeast of the country it is possible to find values above 2000 mm per year [9] .
Besides this variety of physical aspects, Mexico has considerable regional demographic disparities. The Mexican population of nearly 112 million [10] , has quadrupled in the past 60 years. In recent decades, the largest population and economic growth has occurred in areas with low pluvial precipitation. Seventy-seven percent of the population lives in the arid or semiarid regions of central and northern Mexico, where there is only 31% of the renewable water. In contrast, southern and southeastern Mexico has 69% of the renewable water, but only 23% of the national population [9] .
These asymmetries exert a geographically differentiated pressure on groundwater resources, and explain a problem that is most noticeable in north-central Mexico [11] . Of the 100 already overexploited aquifers nationwide in 2009, 72 are located in the states of Sonora, Chihuahua, Baja California, Baja California Sur, Coahuila, Durango, Nuevo Leon, Guanajuato, Puebla, San Luis Potosi, Zacatecas, Estado de Mexico and Queretaro [8] . These entities are located in north-central Mexico and, in geographical terms, correspond mostly to the arid and semi-arid regions of the country. In regions where the availability of surface water is low, aquifers play a major role, as they are sometimes the only source of water for human consumption and the development of economic activities.
Mathematical models have greatly evolved in recent decades and have become a very good tool for the support of decision-making related to the sustainable and efficient management of water resources, since they allow simulating the temporal evolution (past, present, future) of the static levels of aquifers, and evaluating a growing number of scenarios: 1) increase in the number of extraction wells; 2) effects of climate change on precipitation; 3) effects of changes in the rates of natural and artificial recharge; 4) effect of new policies for the administration of water resources, and so on [12] - [19] . There are three basic types of models that have been used in hydrogeology, physical, analog and mathematical, the mathematical or digital models being the more commonly used today; these models use numerical methods to solve the differential equation of groundwater movement, flexibility being their main advantage. However, the main disadvantage of trying to implement these types of models is the large amount of data required, while in most cases the only information available is specific measures of static levels in wells.
One of the main objectives pursued by the study of aquifers is to understand the temporal and spatial evolution of the depth of static water levels, which is a first step to begin to understand the historical behavior of groundwater. Data from punctual measurements of static water levels in extraction wells can be highly relevant information. By complementing this information with interpolation methods, it is possible to obtain the spatial distribution of groundwater levels for each of the dates on which the data were recorded; this, in turn, will reveal the temporal and spatial variations in the depth of the static levels. Currently, many robust interpolation methods have been used to determine the spatial distribution of groundwater levels in aquifers, and many have been discussed in the literature [20] - [23] . In general, there are numerous interpolation methods, but no model yields optimal results in all cases of study; therefore, the best interpolation method depends on the characteristics of the data and the geographic conditions. The implementation of these interpolation methods in geographic information systems (GIS) has been an important tool in the analysis of data points from static water levels of aquifers in different study regions [24] - [33] . For example, to understand the temporal and spatial variations of groundwater depth in the Minquin Oasis, in the Shiyang river basin, were used the records of the static water levels of 48 observation wells for the period 1981-2003, which allowed them to compare different interpolation methods [33] . It should be noted that a temporal analysis of the spatial evolution of groundwater levels was done in our study, considering each of the maps predicted by the interpolation method in dependently, which certainly limited the potential to integrate information with geometrical and trigonometrical mathematical methods.
Therefore, the overall objective of this study was to develop a new methodology based on point data of static water levels and interpolation methods, to obtain and integrate spatially distributed information of static water levels in different periods (years) that allow us to understand the dynamics of groundwater levels (recharge vs discharge). Thus, the specific objectives were: 1) selection and application of an interpolation method that allows us to determine the optimal spatial distribution of groundwater levels for each of the recorded years (1973, 1991 and 2000) in order to better analyze the temporal and spatial variations of those levels; 2) once the values of the static water levels of the aquifer and their distribution were obtained, we determined the exchange rate, in meters per year, of the periods 1973-1991 and 1991-2000, using geometrical and trigonometrical mathematical methods. Our results confirmed that excessive groundwater extraction is causing a serious reduction of groundwater static levels in the study area.
Study Area
As study area, we selected the aquifer recharge area of the Laguna de Bustillos basin, mostly contained within the city of Cuauhtémoc, Chihuahua. It lies between the coordinates 28˚13'19'' and 28˚59'35'' N, and 106˚34'39'' and 107˚10'33'' W (Figure 1) , with a total area of 2.035 km 2 . According to the National Water Commission (2010), the location has an annual precipitation of 415.7 mm, with a semi-dry temperate climate and an average annual temperature of 14.6˚C -38˚C throughout the year. It is a plain irregularly enclosed by the mountains of Pedernales, San Juan, Salitrera, Chuchupate, Sierra Azul and Rebote, where the only contribution of water comes from rain. Across this surface, the existing dynamic has led to an overexploitation of water resources, as 569.4 Mm 3 are extracted annually and used in the following manner: 92.7% for agricultural use, 4% for urban use, and 3.3% for livestock activities. Given a natural recharge of 115 Mm 3 annually, the resource is extracted at a greater rate than it is recharged. The Cuauhtémoc aquifer is located in the endorheic basin that forms the Cuauhtémoc Valley. This valley has an average elevation of 2000 meters above sea level, and is surrounded on the north, east, west and south by a set of peaks averaging 2400 m above sea level, with some peaks reaching up to 2600 m. These elevations are formed by extrusive igneous rocks, ignimbrites, rhyolites, dacites, dacitic tuffs, and esites and basalts, while the valley lowlands are made up of continental sedimentary layers-conglomerates, lacustrine deposits, foothill and alluvial deposits of the Tertiary and more recent periods [34] .
The flanks of the valley include elevations formed by basaltic and esites and basalts, which, having very low permeability, constitute barriers against the flow of water to neigh boring basins. The oldest rocks in the area correspond to fluidal rhyolites from the Tertiary that usually make up the core of mountains and hills, and some highlands in the SW part of the valley. They are essentially impervious to water and thus favor storm water runoff towards the plains and foothills. It is in the latter that the highest rates of infiltration occur [35] .
CONAGUA (1991) indicates that the Bustillos aquifer behaves as a free aquifer. There is a single regional aquifer in the valley, and its recharge is provided by the infiltration of rainwater into the rock fractures and faults that delimit the valley. There are also recharge sources in the permeable sediments that surround the valley, and along the major streams that cross and empty into the Bustillos lagoon. The recharge comes mainly from rainwater falling into the basin, and at the date of publication of the reports, there was no evidence of water coming from neighboring basins.
If the map of equal elevation of the static levels is taken as reference, the groundwater flow network indicates that all elevations surrounding the valley contribute to the aquifer. Due to the presence of different levels of permeability, the contributions are different from one elevation system to another (right margin and left margin of the valley), but, in general, they seem considerably lower west and southwest of Cuauhtémoc city, where the stratigraphy and impermeability of the substrate do not favor the infiltration of rain [34] .
Groundwater flow follows different directions: north-central, south-central, from east to center and west to the center [36] . Originally, the flow converged in the Lagoon area, but due to the pumping effect it is now concen-trated southwest of it [35] . Converge in the portion bounded to the year 2002 for the equipotential 2070 m.s.n.m.
Apparently, the Bustillos lagoon is indicative of the static water level of the aquifer. CONAGUA (1991) indicates that a portion of the flow goes through beneath the ground and out of the basin through a fault system with a northwest-southeast direction; one of the faults crosses the lagoon longitudinally. There is no mention about measurements, but it is suggested that this flow is considerably less than evaporation and pumping, which are the main groundwater discharges.
Data and Methodology

Collection and Debugging of the Database
A Digital Elevation Model (DEM) corresponding to the state of Chihuahua was obtained from the official website of the United States Geological Survey (USGS), with a spatial resolution of 90 m; to ensure that all pixels were hydrologically connected, we used a hole-filling algorithm [37] . Once the DEM was corrected, we proceeded to evaluate the static water levels as accurately as possible, ignoring anomalous values, that is to say, values above the DEM.
The isolines of static water levels in the aquifer basin belonging to Laguna de Bustillos were digitized using images from geohydrological studies done by the National Water Commission in the years 1973, 1991 and 2000 (Figure 2 ). Once digitized, the vertices of each isoline were extracted in order to assess some of the methods of the Geostatistical interpolation analysis module contained in the ArcGIS 9.3 software.
Interpolation Methods
In many natural phenomena, we observe certain regularity in the manner in which they occur, which allows us to induce the behavior of a phenomenon in situations that we have not measured directly. In the mathematics of numerical analysis, estimating new points based on the knowledge of a discrete set of points is termed interpolation. For example, in engineering and other sciences, it is frequent to have a certain number of points obtained by sampling or from an experiment and try to build a function that fits them in order to predict the spatial distribution and the values of the points for which there is no data. As such, interpolation methods can be used to estimate unknown values from the data of a geographical point such as elevations, precipitation, chemical concentrations, noise levels and more.
Thus, from the vertices obtained from digitized isolines of the static water levels of the aquifer of Laguna deBustillos (Figure 2) , we proceeded to interpolate the static water levels of 1973 using the Geostatistical Analisys module in the ArcGIS 9.3 software and the following methods: 1) Inverse Distance Weighted (IDW); 2) Global polynomial interpolation; 3) Local polynomial interpolation; 4) Radial Basis Function (RBF). There are several radial basis function methods: completely regularized spline, spline with tension, multiquadratic, multiquadratic inverse and thin plate spline; each of these techniques allows us to interpolate an optimal smoothing level for the surface to be predicted, depending, to a large degree, on the mean square error, which should be as close to zero as possible; the last radial basis function method is Ordinary Kriging. Once we obtained the predictions from each of these techniques for the year 1973, the prediction errors were evaluated and the optimal method for generating a distribution map for the years1991 and 2000 was determined; this map is the one that best represents the spatial distribution of the static water levels in the aquifer of the Laguna de Bustillos basin.
Correlation between Periods
Once we had the value of the static water level of the aquifer for each pixel in the grid at the three different dates, the following formula was used to determine the exchange rate, in meters per year, of each period.
( )
Final level Initial level Number of years in the period = − Annual exchange rate Something that is very important to analyze in the behavior of an aquifer is how it has developed over time. This work argues that this can be achieved by analyzing the correlation between the exchange rate of two periods. The values were already normalized by the annual exchange rate for each period so that the data is comparable. For this study, we plotted the annual exchange rate of period X, or the more recent period, on the x-axis of a Cartesian plane, and the annual exchange rate of period Y, or the period immediately before the most recent, on the y-axis. If the annual exchange rate of period X is equal to that of period Y, that is, the discharge or recharge trend of the aquifer is the same between periods, the relationship between the two periods would be given by a straight line whose equation is x = y, or, put another way, x − y = 0 (see Figure 3) . Due to the limited number of likely sets of values (x, y) that satisfy the equation (the exchange rate of period X must be equal to that of period of Y), we propose a tolerance variation, changing a line through an area determined by two lines. For example, if we consider that 1 m/year would be an adequate tolerance level to determine whether the annual exchange of the two periods is significant or not, the limits of this tolerance would be given by the equations x − y =1 and x − y = −1 (see Figure 3) .
Finally, in our analysis we intended to divide the annual exchange rate of period X, or the most recent period, to differentiate between one type of behavior and another. This is because period X provides the latest diagnosis of the situation of the aquifer. Continuing with the example of 1 m/year, the division would be made graphically depending on whether the annual exchange rate of period X is greater or less than ± 1 m/year. These new boundaries are represented in Figure 3 as the equations x = 1 and x = −1.
The inclusion of these limits (equations) results in 11 classifications, listed in red in 
Results
Interpolations with Geostatistical Analysis
Using values representing static aquifer levels of the Laguna de Bustillos basin, it was possible to compare different methods of interpolation and select the most optimal in terms of prediction errors, that is, mean and mean square errors.
There are various works, such as Aguilar et al. [38] , Kravchenko and Bullock [39] , Kravchenko [40] and Schloeder et al. [41] , that do not intend to establish a definitive method, but seek to compare and determine the most optimal for the case studied. Thus, Table 1 shows the parameters used in the 9 methods of interpolation for the static water level values of the year 1973. In this case, the kernel function indicates a variant of the methods of interpolation, generally very similar to each other. The difference lies in the amount of data that is necessary to introduce to execute such method; the value of p is derived from that data, calculated from a whole group of formulas that are inherent to each procedure.
To find the predicted values by mean of the interpolation methods, one sector was selected by a search form, except for the Ordinary Kriging method which four search sectors were chosen. Another key parameter consists in defining the number of search neighbors; 15 were selected in most cases for all values to carry out the prediction process. In addition, the optimizer parameter determined by GIS was used in all cases in order to reduce the prediction errors.
The regularized spline radial basic function method showed more optimal values, with a mean square error of 1245 and an average error −0.017. Once we determined the interpolation method that best predicts the values of the static water level of the year 1973, the remaining years (1991 and 2000) were interpolated. The summary of the prediction errors for each year is shown in Table 2 , and the results of these interpolations are shown in Figure 4 . The results for each of the interpolated years show that the prediction errors obtained are acceptable in terms of order of magnitude, whereby these maps of spatial distribution of the static water level are also acceptable ( Table 2) . 
Correlation between Periods
If we distribute the values of each pixel across the map according to the classification by periods proposed in Figure 5 and Figure 6 , we obtain the following geographical distribution. Adapting the description provided in the methodology section to the evolution of the levels of aquifer discharge or recharge, we elaborated the following explanation of the classes: 1) Discharge greater than 1 m/year in the period 91-00 and an increase greater than 1 m/year in 91-00 compared to 73-91 (high discharge with a high increase).
2) Discharge greater than 1 m/year in the period 91-00 and an increase or decrease of −1 to 1 m/year in 91-00 compared to 73-91 (high discharge with a low increase or decrease).
3) Discharge greater than 1 m/year in the period 91-00 and a decrease greater than −1 m/year in 91-00 compared to 73-91 (high discharge with a high decrease). 4) Discharge under 1 m/year in 91-00 and an increase greater than 1 m/year in 91-00 compared to 73-91 (low discharge with a high increase). 10) Recharge below −1 m/year in 91-00 and an increase greater than 1 m/year in 91-00 compared to 73-91 (low recharge with a high increase).
11) Discharge or recharge between −1 and 1 m/year in 91-00 and an increase or decrease between −1 to 1 m/year in 91-00 compared to 73-91 (low recharge or discharge with a low increase or decrease).
Conclusions
As shown in the last chapter, the methodology used in this work requires only to know the static water level of the aquifer at three different dates. Of course, the results may be limited compared to those produced by advanced mathematical methods; however, our method provides an approximation to determine the behavior of the aquifer through time.
As can be seen in the map of Figure 6 , this method allows us to distinguish in detail the evolution of the aquifer in various areas. For example, the first classification, high discharge with a high increase of 1 m/year, used as an example in this study, corresponds to areas with higher extraction and where extraction has been increasing (red). Furthermore, class 6 would be the area where there is a considerable recharge, even an increasing one. Note that there are no values for Classes 3 and 8.
